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1.  Introduction 

This  is  a  progress  report  of  the  Applied  Mathematics  Group  in  the 
Mathematics  Department,  Stanford  University.  This  group  began  functioning 
officially  on  September  1,  1979,  and  is  supported  by: 

1.  Office  of  Naval  Research; 

2.  National  Science  Foundation; 

3.  Army  Research  Office; 

4.  Air  Force  Office  of  Scientific  Research; 

5.  Stanford  University. 

'fhe  personnel  comprising  this  group  during  all  or  part  of  the  reporting 
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1.  Joseph  B.  Keller,  Professor  of  Mathematics,  Stanford  University; 
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3.  John  II.  Haddocks,  Acting  Assistant  Professor,  Stanford  University; 
1.  Moira  S.  Falkovitc,  Postdoctoral  Fellow,  Stanford  University; 

5.  Victor  Twersky,  Professor  of  Mathematics,  University  ol"  Illinois, 
Chicago  Circle; 
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7.  Bernard  A.  Lippmann,  Professor  of  Physics,  liner itus,  New  York 
University; 

8.  Kevin  C.  Nunan,  Graduate  Student; 

9.  Michael  I.  Weinstein,  Postdoctoral  Fellow,  Stanford  University; 

10.  Stephanos  Venakides,  Assistant  Professor,  Stanford  University; 

11.  Margaret  Cheney,  Research  Associate,  Stanford  University; 

12.  Graham  hatwell,  Postdoctoral  Fellow,  Stanford  University; 

13.  Luis  Lopez-Bonilla,  Research  Associate,  Stanford  University; 

14.  James  Geer,  Professor  of  Mathematics,  School  of  Advanced  Studies, 
SUNY,  Center  at  Binghamton,  New  York. 

15.  Michael  Reckon,  Professor  of  Mathematics,  University  of  Wuppertal 
Go  many . 

IB.  lirik  Hansen,  Professor  of  Mathematics,  Technical  University  of 
Denmark,  Lyngby. 

The  various  research  activities  of  the  members  of  this  group  are 
indicated  by  the  list  of  publications  contained  in  Section  11.  Abstracts 
or  introductions  frail  the  papers  produced  during  the  report  period  are 
contained  in  Section  III. 

In  addition  to  the  manuscripts  already  submitted,  a  number  of  project 
are  nearing  completion.  Ihus  Professor  Keller,  while  at  the  Woods  Hole 
Oceanographic  Institute  during  the  summer  of  1982,  studied  the  turbulent 
diffusion  of  a  chemically  reacting  substance.  Professor  Keller  and  Dr. 
Falkovitz  arc  completing  a  paper  on  bicscgang  rings  to  account  for  the 


i liable  to  DTIC  does  not 

UY  legible  reproduction 


.Joseph  B.  Keller 
Progress  Report 
Page  3 

recent  results  of  Join  Ross  and  his  co-worker  in  the  Chemistry  Department 
at  Stanford.  Their  theory  uses  the  fourth  order  Calm-Hill  Lard  equation 
to  describe  diffusion.  Dr.  Hat we 11  is  studying  the  propagation  of  an 
acoustic  wave  through  a  bubbly  fluid,  or  through  a  medium  containing 
resonant  scattcrers.  Dr.  Bonilla  is  studying  the  effective  behavior  of 
an  clastic  solid  composed  of  randomly  oriented  crystallites.  Mr.  Nunan 
is  calculating  the  effective  viscosity  of  a  suspension  of  rigid  spherical 
particles  in  a  viscous  fluid  and  the  effective  elasticity  of  a  lattice  of 
rigid  spheres  in  an  elastic  solid.  Professors  Geer  and  Keller  are  studying 
scattering  of  waves  by  thin  bodies. 

In  December,  1982  Professor  Keller  was  invited  to  deliver  the  Weizmann 
Lectures  at  the  Weizmann  Institute  of  Science  in  Rohovot,  Israel.  In  March,* 
1983  he  presented  an  invited  lecture  at  the  British  Theoretical  Mechanics 
Colloquium  in  Manchester,  ling land.  In  April,  1983  he  spent  a  week  as 
Distinguished  Visiting  Professor  of  Mechanics  and  Applied  Mathematics  at 
Cornell  University. 
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1.  I) yn.iiii  i c  theory  'd  iojn;_  w  i  t  h  Ih^owai  Mm  ^dTeiTji,  I > y  It.  L.  CafLisch 

ami  C.  C.  Papanicolaou. 

Wo  consider  a  siispi’iisinn  of  par;  iclcs  in  a  fluid  sett  liny,  under  rhe 
influence  of  p.vaviVv  and  d  i  specs  i  up,  hv  brownian  moliou.  A  m  a  1  lu-nia  t  ion  I  des¬ 
cription  is  provided  bv  t:  lit*  Stokes  miunl  inns  and  a  Foklo-r-l’ l.unck  equation  for 
the  one-particle  phase  space  density.  This  is  a  nonlinear  system  that  depends 
on  a  number  of  parametric  functions  of  the  spatial  concentration  of  the 
particles.  These  functions  are  known  only  empirically  or  foi  a.  lute  suspensions 
\,V  analyse  the  system,  its  stability,  its  asymptotic  boh.svio  under  different 
seal  in, i;s  and  its  valid  iLv  from  a  more  microscopic  descriptio 


2  .  Two-d  imension.il  scatter  inR:  the  iinmher  of  hound _ s  ta  tes  from  scattering 

da  L  a ,  (a),  by  M.  Cheney. 

Relations  are  fouiul  between  s«.a t Ler.inj;  data  aiul  the  spectrum  for  the 
two-dimensional.  SohrodjiiRcr  operator  A+V(x),  where  V  is  a  local,  noncentrai 
potential.  in  particular  a  two-d jmensiona 1  version  of  the  Levinson  theorem 
is  obtained;  this  theorem  f\ i ves  the  number  of  bound  states  in  terms  of  tlio 
change  in  phase  of  the  determinant  of  the  scattering  operator. 
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A  new  e  . pe  r  i  Weil  I  .  i  I  melliod  lor  I  In'  I  nl'm.it  iml  oi  1  n  ,;o  pel-  ,.|..  ■>:  ■.  .  :  : 


it  arrow  tii.i  I  .-in  I  ,iv  v.'i'if.hL  distribution  ■;  ex;  n;i  i  ned  t  hooi  it  it’. illy.  Tin.1  proh'em 
helmtp.s  (.<  ill.-  j'.i'm't.tl  class  t>f  I  r.in  port -rune  t.  ion  proh  I  m:;  in  mu  I  t  i-componont 
mi'll  i  a .  A  comprehensive  mat hcmaL ica I  model  ui  tin.-  phenomenon  i  presented . 
Noli-wort  hv  is  t  lit-  fart,  that  diffusive  I  I  uxes  are  decomposed  int-t  two  parts, 
puro  diffusion  anil  back-bu  1 1;-|  low.  It  is  shown  that  I  In-  lull  problem,  which 
consists  of  an  infinite  niinil'i-r  of  noaplotl  iuml  inoar  differential  i-<]  in  l  j  oils , 
an  ho  reduced  to  two  such  equations.  Ili-at  production  i  s  also  considered  in 
an  auxiliary'  invest  ip.at  ion.  Thu  appropriata-  differential  equal  ions  are  solved 
numerically  and  Lite  physical  s  ip.ni  I  i-’  nice  of  the  result:;  is  discussed. 


h.  The _ st'.)le_  of_  non-hui'iop.one  i.  tv  as  defined  by  diffusion  measurements,  by 

M.  S.  Falkovitz  and  II.  L.  Frisch. 

Tin'  asymptot  ic  behaviour  of  the  permeation  rate  in  imn-homepeiieous  laminar 
slabs  of  i  nc  re. is  in)’,  width  l’  i  s  studied.  Vie  show  rigorously  that  for  a  wide 
class  of  slabs  with  non-homop.eno  i  t  i  es  distributed  in  a  statistically  homo- 
peiioous  manner,  the  permeation  rate  approaches  that  of  a  homogeneous  slab  as 
L/(’".  The  result  is  compared  with  previous  studies  of  this  subject. 


7.  drawl  iiip,  of  worms,  by  J,  II.  Keller  and  M.  S.  Falkovitz. 

The  mechanics  oT  a  worm  c  rawl  ini;  a  Loup,  a  flat  surface  is  analyzed.  The 
external  I  orces  el  friction  and  p.ravity,  and  the  internal  pressure  and  tension, 
are  taken  into  account.  An  oipiat  ion  ol  mol  ion  is  I  ornni  I  a  t  utl ,  and  solutions  are 
soup,  ill  in  which  both  the  lens  ion  and  the  linear  density  are  required  lo  lie 
l>-  ■  t  \,  i  -i  ■  n  pi  i  i  hud  huonds.  I'm  I  su  and  periodic  t  rave  I  I  i  up,  wave  solutions  are 
const  roc  t  eil .  The  maximum  crawl  i  up,  velocity  Is  determined,  as  well  as  the  wave 
(orin  which  .n-  li  i  eve;;  it..  Compai  i  sou  ul  t.he  results  with  expu  r  i  men  t  a  1  observations 
shows  that  tin’  iheoi'v  yields  a  maximum  crawl  i  up.  velocity  which  is  much  larp.cr 
than  the  observed  velocity.  Therefore  the  theory  was  ehanp.ed  to  require  that 
the  time  rate  of  chanp.e  of  tension  he  less  than  a  prescribed  hound,  rather  than 


tlvil  tin'  l  >  i  i  ■  i  <  - 1 1  Im>  bounded,  l.'illt  M  s  modification,  t  lie  theory  agrees  fairly 
well,  with  tli1'  observations. 


8.  The  random  choice  method  and  the  f ree-sur I  ace  w.iler  profile  a  I  Ler  t  he  rul  1  apse 
of  .1  > I ; i m  well,  by  A.  .lei  frey  ami  .1.  Ilvungi. 

The  raiulom  olio  ire  (. KC )  method  due  lo  (M  inim  1.1),  suhse(|ueuL  1  y  mod  if  Led  by 
(lliori.n  li!|  and  Sod  [T|,  is  applied  Le  1. 1  u*  shallow  water  equations  of  Stoker  [4], 
in  order  to  determine  the  I  r  ee-stt  r  I  a>  e  prol  ile  of  water,  as  a  (unetion  ol 
position  and  l  ime,  when  a  dam  wall  so. Ideal  v  rtd  lapses.  The  numerical  results 
obtained  hv  litis  method  are  eomparcd  with  the  analylieal.  results  due  to  Stoker 
for  this  classical  problem  (r>|,  and  with  numerical  results  obtained  by  a  further 
modi  f  ira  I.  ion  of  the  (M  imm-Clior  i  it  scheme  involving  a  .smoothing  operation.  The 
improvement  brought  about  by  the  smoe  thing,  and  Lite  generally  close  agreement 
with  the  exact  result  that  is  then  obtained,  is  a  feature  of  Litis  mod  i  1  i  ed 
approach. 


9.  A  statistical  theory  for  imperfect  bifurcation,  by  J.  <J.  Watson  and  !i .  L. 
Re i ss. 


An  "honest"  statistical  me  tiled  is  presented  Lo  analyze  the  effects  of 
imperfections,  and  other  disturbances  on  the  bifurcation  of  solutions  of  non¬ 
linear  problems.  I'irsL,  uniformly  valid  asymptotic  approximations  of  the 
solutions  are  obtained  for  any  realization  oT  the  imperfections.  The  approx¬ 
imations  are  valid  as  the  magnitude  of  the  imperfections  approaches  zero.  The 
statistical  pt'opf  r  t  i  et;  t< I  I  lie  so  I  ii  (  i  nns  are  t  hen  deduced  d  i  roc.  t  I  v  I  l' out  I  he:  0 
approx  i  m.  1 1  ions,  lor  spec  i  I  i  ml  slali  si  io.s  ol  the  i  ripe  t  I  or  I  i  ons .  for  simplicity 
ol  preseii  I  a  I  i  >mi  ,  the  imperfect  into;  are  taken  as  zero-mean,  wide-.sense  stationary, 
ifur. si, in  random  processes.  The  statistical  analysis  it;  e  I  emciiL.ti'y .  It  provides 
easily  analyzed  results  for  Lite  expected  values  and  variances  of  Lite  solutions. 
Confidence  limits  are  also  given. 


10.  0j_oli.il  >'>;  i  si  one o  lor  .1  ponera 1  :  '  'd  Kor  I  cv  -  i  i  <  ■  Vi  i « ■  :i  equation,  !>y 


M.  Weinstein. 


A  ;oiil  i  i  ■  i  i'ii  t  iiniil  it  ion  for  pl*>|),  il  ox  i  si  •  *  i  u1 1*  is  obi  .1  i  noil  lor  Liu*  penera  I.  izetl 


Korlewop  -  At'  Vrios  liana  I  ion  (ClldV'  n  I  11  11  I  u 

1  lx: 


0  ,  XoR1  ,  i.r .  K*"  . 


This  comlition  is  exp re.ssod  in  Lon.;  ol  the  solitary  1 1  r.i vo  1  i up )  cave  solution 
of  ( IK.il V  . 


II.  Nonlinear  Sr  lirod  i  npoc  equa  t  ions  anil  sharp  i  iU  erno  1  a  l  i  011  osl  iiqates,  by 
M.  I  .  t.'o  ins  to  i  n. 

A  slurp  snlfieient  rend  i  l  ion  lor  global  existence  is  obtained  for  the 
non  I  inoat'  So.  broil  inpor  otpution 


(MbS) 


11  i'r  +  A  j>  + 


A  =  0  ,  x  G  IK  ’  ,  l.  t  lit  , 


in  1  1 10  oaso  0  -  I'liis  ooiul  i  t  ion  is  in  loins  of  an  oxaot  stationary 

solution  (nonl  inoar  pronnd  state)  o'  (N'LS) .  IL  is  derived  by  solvinp  a 
variational  problom  to  obtain  the  "lost  o.ons taut"  for  classical  interpolation 
estimates  of  Nirenberp  and  Gap) iardo. 
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